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Frank B. Pomposelli, Jr, MD, Boston, Mass
Objective: The purpose of this study was to assess and compare outcomes of elective versus emergent operative repair of
popliteal artery aneurysms.
Design: A retrospective analysis of a prospectively recorded vascular surgery database from June 1992 to December 2002
was performed with chart review.
Main outcome measures: Patient survival, limb salvage, and graft patency were evaluated.
Results: Fifty-one popliteal artery aneurysms were repaired in 39 patients, all male and ranging in age from 18 to 87 years
(mean 67.1). Mean follow-up was 47.8 months. Repair was elective in 37 (72.5%) and emergent in 14 (27.5%) limbs, 13
with acute ischemia and one with aneurysm rupture. Thrombolytic therapy was utilized in four ischemic limbs with no
suitable bypass target vessel identified on initial arteriogram. Outflow vessels included the popliteal artery in 22 (43.1%)
and infrapopliteal vessels in 29 (56.9%) limbs. Cardiac morbidity and 30-day mortality rates were 0%. Overall primary
patency, secondary patency, limb salvage, and actuarial survival were 95.6%, 100%, 98.0%, and 98.0% at 1 year and 85.1%,
96.9%, 98.0%, and 83.8% at 5 years, respectively. Bypass graft redo or revision was performed for stenosis in one and
occlusion in four limbs. Two amputations were performed at 6 days and 63.6 months after initial aneurysm repair. No
difference was noted between elective and emergent groups with regard to patency, limb salvage, or survival (P > .26),
and no association between the number of identified target vessels and limb salvage or patency was demonstrated (P 
.12).
Conclusion: In our experience, the outcome of the popliteal artery aneurysm repair was comparable in the emergent and
elective settings. Aggressive tibial reconstruction plays a crucial role in the treatment of popliteal artery aneurysms,
especially in those presenting with acute limb ischemia. Thrombolytic therapy is infrequently required in the acute
setting, although it may be useful in patients with no identifiable outflow target vessel on initial arteriogram. (J Vasc Surg
2004;39:1171-7.)Popliteal artery aneurysms are the most common pe-
ripheral arterial aneurysm, known to occur almost exclu-
sively in men and often in association with aneurysmal
disease of the abdominal aorta and elsewhere. When symp-
tomatic, they typically present with lower extremity isch-
emia from acute or chronic thrombosis, distal embolization
or, rarely, rupture. The widespread practice of elective
popliteal artery aneurysm repair is aimed at the prevention
of potential catastrophic complications, namely limb loss.
Outcomes following repair of popliteal aneurysms in the
face of acute ischemia are often poor. The incidence of limb
loss in this setting has been described as high as 20% to 59%,
with operative mortality rates of 5.4% to 11.8% in some
series.1-4 In contrast, elective repair may be carried out with
minimal to no limb loss or perioperative mortality.5 In
addition, some reports have documented the improved
long-term graft patency rates in limbs undergoing repair
prior to the onset of symptoms.6 While the widespread
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bypass exists,7 some have advocated the liberal use of
thrombolysis in limbs presenting with acute thrombosis of
popliteal artery aneurysms.8,9 In order to assess the out-
comes associated with popliteal artery aneurysm repair in
the emergent and elective settings, a retrospective review of
all such cases over a 10-year period was carried out.
METHODS
Our computerized Vascular Surgery Registry was que-
ried for patients treated surgically for popliteal artery aneu-
rysms at our institution between June 1992 and December
2002 and identified 39 consecutive patients who under-
went 51 aneurysm repairs. All were performed at a single
academic tertiary-care institution by one of six attending
vascular surgeons with either a surgical resident or vascular
surgery fellow. No information is available on patients with
popliteal aneurysms managed nonoperatively during the
study period. The registry data was entered prospectively,
but reviewed retrospectively. A review of each patient’s
computerized and outpatient medical record was per-
formed to verify the registry data and provide supplemental
information. Patients with most recent follow-up greater
than 6 months ago were contacted for additional follow-
up. Approval was requested and granted by the Institu-
tional Review Board at Beth Israel Deaconess Medical1171
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additional office visits for the purposes of limb and bypass
graft follow-up.
Statistical analysis. Patient demographics, indica-
tions for aneurysm repair, use of thrombolytic therapy,
details of surgical repair, and follow-up data were statisti-
cally analyzed to determine whether significant relation-
ships existed. All data is presented in accordance with the
revised reporting standards of the Joint Council of the
Society for Vascular Surgery and the American Association
of Vascular Surgery.10 Bypass graft patency was determined
by angiography in 1 limb, ankle-brachial index calculations
in 5 limbs, graft ultrasound in 8 limbs, graft Doppler
examination in 9 limbs, and graft palpation in 28 limbs. All
physical examinations were performed and documented by
the attending vascular surgeon. Limb salvage was defined as
preservation of enough of the foot to allow unassisted
ambulation. Perioperative mortality included deaths within
30 days of popliteal aneurysm repair. Dates of death during
the follow-up period were determined or confirmed by
using the online Social Security Death Index. Graft patency
and patient survival were calculated by using the Kaplan-
Meier life table method and were compared with the non-
parametric Mantel-Cox log rank test. Patient follow-up
varied depending on the operating surgeon, but ranged
from physical examination only to graft surveillance ultra-
sound every 3 months for 6 months, then every 6 months
thereafter. Follow-up time was calculated from date of
surgery to last patient contact.
Preoperative work-up. Diagnosis of popliteal artery
aneurysm was based upon physical examination, ultra-
sound, computed tomography scan, angiography, or a
combination of these modalities. In general, patients un-
derwent elective repair when symptoms developed, aneu-
Table I. Patient demographics
n %
Patients 39 100
Age at first PAA repair (y) 67.1  13.6
(range, 18-87)
—
Male 39 100
Bilateral PAA 25 64.1
AAA 16 41.0
Hypertension 24 61.5
CAD 12 30.8
History of CABG 7 17.9
History of MI 9 23.1
History of stroke 4 10.3
Hyperlipidemia 13 33.3
COPD 6 15.4
Diabetes mellitus 8 20.5
CRI (creatinine 2.0) 3 7.7
Tobacco history 32 82.1
Current smoker 10 25.6
Former smoker 22 56.4
PAA, Popliteal artery aneurysm; AAA, abdominal aortic aneurysm; CAD,
coronary artery disease; CABG, coronary artery bypass grafting; MI, myo-
cardial infarction; COPD, chronic obstructive pulmonary disease; CRI,
chronic renal insufficiency.rysm diameter was greater than 2 cm, or the presence of
mural thrombus was noted, regardless of aneurysm size. All
patients underwent preoperative abdominal aortography
with distal runoff arteriogram, as is our general practice in
cases of suspected popliteal artery aneurysm. The presence
of any suitable vessel for bypass outflow was considered an
indication for primary operative repair.
RESULTS
Patient population. The registry review identified 39
patients who underwent 51 popliteal aneurysm repairs dur-
ing the 10-year study period. All patients in the series were
male and ranged in age from 18 to 87 years (mean 67.1).
The youngest patient in the series underwent elective repair
of a 3.3-cm aneurysm that revealed degenerative changes
on pathologic examination and was associated with a ques-
tionable history of Marfan’s syndrome. Ultrasound mea-
surement data was available on 39 of the 51 limbs and
revealed a mean aneurysm size of 3.3 cm (range, 1.3-8.7),
which did not differ between emergent and elective groups
(P  NS). Bilateral popliteal aneurysms were present in 25
(64.1%), and abdominal aortic aneurysm was present in 16
(41.0%) patients. Co-morbid diseases included hyperten-
sion in 24 (61.5%), hyperlipidemia in 13 (33.3%) and
diabetes mellitus in 8 (20.5%) patients (Table I). Mean
follow-up duration was 47.8 months (range, 0-126) of a
possible maximal mean follow-up duration of 66.2 months.
Presentation and treatment. For the purpose of
comparison, of the 51 popliteal aneurysms treated over the
10-year study period, 14 limbs were classified as emergent,
consisting of 13 cases of acute onset limb-threatening
ischemia and one aneurysm rupture; 37 limbs were classi-
fied as elective, consisting of 22 symptomatic and 15
asymptomatic limbs. Emergent limbs were those in which
symptoms reflected acute onset ischemia and immediate
treatment was deemed necessary by the attending vascular
surgeon to address the threat of impending limb loss. All
patients with emergently treated aneurysms presented with
complaints of acute onset foot coolness, foot or leg pain at
rest, and/or numbness. Elective repair was performed on
22 chronically symptomatic limbs for claudication in 8,
compressive symptoms in 6, distal emboli presenting as
blue toe syndrome in 3, rest pain in 4, and non-healing
ulcer in 1 limb. In addition, 15 elective repairs were per-
formed on asymptomatic limbs (Table II). Indications for
repair in asymptomatic limbs included size greater than 2
cm in 11 and the presence of mural thrombus in aneurysms
smaller than 2 cm in 4 limbs.
Initial arteriogram demonstrated an average of 1.1
patent runoff vessels in limbs with acute onset ischemia,
whereas the rest had an average of 2.2 runoff vessels. Of the
13 acutely ischemic limbs, 11 had popliteal artery occlu-
sion, while 2 had the presence of aneurysm thrombus
without occlusion. The acute ischemia classification was I in
7 limbs, IIa in 4 limbs, and IIb in 2 limbs. Acute ischemia
classification was based upon findings of acute onset rest
pain in all 13 patients, associated with at least one detect-
able Doppler signal in the foot in 7 limbs (class I), minimal
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in 4 limbs, of which 3 had no detectable Doppler signals in
the foot (class IIb). Of the three patients presenting with
rest pain, sensory loss, and absence of Doppler signals in the
foot, one also had findings of moderate motor loss with
difficulty in moving the foot. The three patients with class
IIb acute ischemia all underwent thrombolytic therapy as
first-line treatment to uncover bypass target vessels.
In addition to the use of preoperative thrombolysis in 3
limbs with no suitable runoff vessels, 1 limb underwent
thrombolytic therapy at an outside institution just prior to
transfer for surgical repair. Thrombolysis protocol varied,
but utilized urokinase in three patients and tissue plasmin-
ogen activator in one patient. Duration of thrombolysis
ranged between 24 and 48 hours, and was ceased when a
suitable bypass target vessel was uncovered or when com-
plications contraindicated further use. Three patients (75%)
experienced bleeding complications in association with
thrombolytic therapy, including one groin hematoma at
the arterial sheath site, one surgical site hematoma, and one
neck hematoma causing airway compromise necessitating
intubation and cessation of thrombolysis prior to obtaining
a suitable target vessel.
Surgical repair consisted of aneurysm exclusion via
proximal and distal ligation and bypass using saphenous
vein graft in 46 limbs.11 Our general approach to the repair
of popliteal artery aneurysms includes performing a bypass
graft to the most suitable distal target vessel first and
subsequently ligating the popliteal artery just proximal and
distal to the aneurysm with either Dacron tape or a heavy
silk ligature. Performing the bypass procedure first is con-
sidered crucial for prompt revascularization, especially in
patients presenting with acute limb ischemia. Aneurysm
exclusion by ligation requires above- and below-knee ex-
plorations via a medial approach, even if both explorations
are not necessary in order to perform the revascularization
procedure of choice. Surgical approach for bypass in this
series was via medial leg incisions in 49 patients, a posterior
incision in 1 patient, and a combined medial and posterior
approach in 1 patient. Aneurysm sac excision or decom-
pression was performed in only 5 limbs. Indications for
aneurysm resection or decompression were presumed my-
Table II. Indications for PAA repair
n %
Total PAA 51 100
Elective 37 72.5
Asymptomatic 15 29.4
Claudication 8 15.7
Compression 6 11.8
Rest pain 4 7.8
Embolus 3 5.9
Non-healing ulcer 1 2.0
Emergent 14 27.5
Limb-threatening ischemia 13 25.5
Rupture 1 2.0
PAA, Popliteal artery aneurysm.cotic aneurysm in 2 HIV-infected patients, compressive
symptoms in 2 patients, including the second largest aneu-
rysm in the series (6.87 cm), and intraoperative diagnosis of
an unexpected popliteal aneurysm in 1 patient. Inflow
bypass vessels included the superficial femoral artery in 25,
common femoral artery in 14, and above-knee popliteal
artery in 12 limbs. Outflow vessels included the below-knee
popliteal artery in 22 (43.1%) and infrapopliteal vessels in
29 limbs (56.9%), including the anterior tibial in 6, tibio-
peroneal trunk in 5, peroneal in 5, posterior tibial in 9, and
dorsalis pedis in 4 limbs (Table III). Of 51 bypasses,
saphenous vein conduit was used in 45, of which 21 were
nonreversed, 14 were in situ, and 10 were reversed. Arm or
composite vein was used in 4 limbs and prosthetic graft was
used in 3 limbs with no available vein conduit. Calf fas-
ciotomy was required at the time of aneurysm repair in
none of the elective limbs and 3 of the 14 emergent limbs
(21.4%). Length of hospital stay was significantly longer in
emergent cases. Average length of stay was 10.9 days in
patients presenting with acute ischemia or rupture (range,
3-25) and 6.3 days in those undergoing elective repair
(range, 2-22) (P  .02).
Survival. Cardiac morbidity and 30-day mortality
rates were 0%. As a rule, serial cardiac enzymes and electro-
cardiograms were performed only in the presence of clinical
suspicion of a cardiac event. Since routine cardiac enzymes
were not obtained, we are unable to quantify the occur-
rence of occult perioperative cardiac events.
Overall actuarial survival was 98.0% and 83.8% at 1 and
5 years, respectively. For comparison, our population of
lower extremity revascularization patients during the same
time period (n  4052) had an overall actuarial survival of
84.3% and 58.6% at 1 and 5 years, respectively. In the
current series, no survival difference was appreciated in
relation to urgency of popliteal aneurysm repair or presence
Table III. Details of surgical repair
n %
Inflow artery
Common femoral 14 27.5
Superficial femoral 25 49.0
Popliteal 12 23.5
Outflow artery
Popliteal 22 43.1
Anterior tibial 6 11.8
Tibioperoneal trunk 5 9.8
Peroneal 5 9.8
Posterior tibial 9 17.7
Dorsalis pedis 4 7.8
Bypass conduit
Saphenous vein 45 88.2
Reversed 10 19.6
Non-reversed 21 41.2
In situ 14 27.4
Arm vein 2 3.9
Arm/saphenous vs composite 1 2.0
PTFE 2 3.9
Dacron 1 2.0
PTFE, Polytetrafluoroethylene.
surviv
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versus 82.5% for emergent cases (P  .30) (Fig 1) and
85.6% for asymptomatic versus 83.0% for symptomatic
cases (P  .71).
Patency. Overall primary patency rates were 95.6%
and 85.1%, while secondary patency rates were 100% and
96.9% at 1 and 5 years, respectively. In comparing emer-
gent and elective groups with respect to graft patency, no
significant differences were detectable. For limbs undergo-
ing elective repair, cumulative primary and secondary pa-
tency rates were 100% and 100% at 1 year, and 85.6% and
95.7% at 5 years, respectively. The emergent group had
Fig 1. Kaplan-Meier life table analysis of patient
Fig 2. Kaplan-Meier life table analysis of primary grcumulative primary and secondary patency rates of 85.1%
and 100% at both 1 and 5 years (P.35) (Figs 2 and 3).
Furthermore, no difference in patency was noted on com-
parison between the symptomatic and asymptomatic
groups. The symptomatic group had cumulative primary
and secondary patency rates of 94.2% and 100% at 1 year,
and 84.1% and 100% at 5 years, respectively. The asymp-
tomatic group had cumulative primary and secondary pa-
tency rates of 100% and 100% at 1 year, and 87.5% and
87.5% at 5 years (P  .47).
Outcome in the 4 limbs requiring thrombolysis in-
cluded below-knee amputation in one patient who devel-
al. Graphs are truncated where SE exceeds 10%.
tency. Graphs are truncated where SE exceeds 10%.aft pa
raft p
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thrombolysis before a suitable outflow vessel was identified.
Primary and secondary patency in this group, excluding the
amputated limb, was 66.7% and 100% at both 1 and 5 years
and did not differ significantly from emergent limbs man-
aged without thrombolysis (P .35). The lack of a finding
of statistical significance between these groups should be
interpreted cautiously, taking into consideration that com-
parative groups were small in this study and a potential to
miss statistically significant differences exists.
Reoperation for graft failure was required in a total of 5
patients, 2 from the emergent and 3 from the elective
group. This included both limbs in the series that under-
went initial bypass with PTFE conduit. Of the 2 initially
presenting with acute ischemia, 1 limb underwent a jump
graft to treat an asymptomatic graft stenosis detected on
surveillance ultrasound 5.5 months postoperatively, while
the other required two revisions of a thrombosed polytet-
rafluoroethylene (PTFE) graft 7 and 18 months after initial
repair.
In the elective group, one limb presenting with a
4.0-cm aneurysm and symptoms of claudication underwent
repair with a PTFE graft, which occluded after 17 months,
requiring a revision PTFE bypass. Another, performed for
an asymptomatic 2.8-cm aneurysm, presented with graft
thrombosis and symptoms of acute ischemia over 5.5 years
later requiring a jump graft for repair. The third limb,
which initially presented with a 2.1-cm aneurysm and
symptoms of claudication, required graft revision 5.1 years
later for symptoms of acute limb ischemia and an occluded
bypass graft.
Conduit type was associated with a significant differ-
ence in primary graft patency, with decreased patency rates
noted for prosthetic graft. Primary patency was 97.9% and
89.7% for vein conduit, and 66.7% and 33.3% for prosthetic
Fig 3. Kaplan-Meier life table analysis of secondary gconduit at 1 and 5 years, respectively (P .0008), whereas
secondary patency was 100% and 96.6% for vein conduit,
and 100% and 100% for prosthetic conduit at 1 and 5 years,
respectively. This comparison may not be generalizable
given the small number (3) of prosthetic conduit cases
performed in the series. Of note, the three prosthetic bypass
grafts were lost to follow-up at 54.1, 23.7, 22.2 months
after initial bypass surgery. Primary patency was not af-
fected by bypass outflow level and was 89.9% and 83.5% for
popliteal and 100% and 86.5% for infrapopliteal outflow
and 1 and 5 years, respectively (P  .72).
Limb salvage. Overall limb salvage was 98.0% at both
1 and 5 years. Limb salvage rates did not differ on the basis
of urgency of repair or presenting symptoms and was
achieved in 100% of elective and 92.9% of emergent limbs
at 5 years. In addition, when those with and without
symptoms at presentation were compared, no significant
difference in limb salvage was appreciable (100% in asymp-
tomatic versus 97.2% in symptomatic cases at 5 years). Two
limbs required major amputation during the series, includ-
ing one with acute ischemia and no runoff vessels on initial
arteriogram. In this case, catheter-directed thrombolysis
was performed, but the surgeon was unable to uncover a
runoff vessel prior to the development of bleeding compli-
cations. Subsequent operative balloon-catheter thrombec-
tomy followed by femoral to below-knee popliteal artery
bypass grafting was unsuccessful in salvaging the limb,
which required below-knee amputation 6 days later. An-
other amputation was required for a new episode of acute
ischemia 5.3 years after initial emergent aneurysm repair.
Of note, our database does not identify those patients
presenting for primary amputation with an unsalvageable
limb due to severe ischemia from acute popliteal artery
aneurysm thrombosis.
atency. Graphs are truncated where SE exceeds 10%.
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The management of popliteal artery aneurysm in the
elective setting has historically been considered crucial be-
cause of the risk of aneurysm thrombosis leading to acute
ischemia and limb loss. Reports on outcomes after treat-
ment of popliteal artery aneurysms tend to focus on the
elevated rates of graft failure, limb loss, and mortality
associated with operative repair in the face of acute limb
ischemia.12,13 In contrast, many reports document the low
morbidity and high patency and limb salvage rates associ-
ated with repair of asymptomatic popliteal artery aneu-
rysms, supporting early surgical repair as a preventive mea-
sure against limb-threatening ischemia.14 Accordingly, our
approach in the management of asymptomatic popliteal
artery aneurysms aims to prevent the ischemic complica-
tions of aneurysm embolism or thrombosis, and we rou-
tinely offer these patients repair for aneurysms 2 cm in
size or those containing thrombus. Size cutoff for offering
elective repair of popliteal artery aneurysms has been an
issue of some debate. Our use of this particular size cutoff
differs from the 3-cm cutoff suggested Galland and Ma-
gee15 on the basis of findings in 93 aneurysms, of which
none below 3 cm in size were noted to be thrombosed. In
the current study, of 39 aneurysms with available ultra-
sound measurements, 11 were noted to be thrombosed. Of
these, three (27.3%) were 3 cm in size and two (18.2%)
were 2 cm in size. We continue to offer elective repair in
aneurysms 2 cm in size given these findings, although
3.9% of our study population had documented thrombosis
in aneurysms smaller than this cutoff size.
Recognition of the increased propensity for aneurysms
elsewhere in those with popliteal aneurysms plays a signifi-
cant role in the care of this patient population. Our findings
of coexisting contralateral popliteal aneurysms in 64.1%
and aortic aneurysms in 41.0% of the patients in the current
series are similar to that published in other large series. We
recommend routine contralateral popliteal and abdominal
ultrasound screening for associated aneurysms in this pa-
tient population.
Our current review of 51 cases of popliteal artery aneu-
rysm repair revealed several notable findings. Somewhat
surprisingly, the mortality, limb salvage, and patency rates
in true emergent repairs were not noted to be significantly
different from those in elective repairs. This study clearly
has some deficiencies given that it is a retrospective review
and the comparative groups are small; therefore statistical
error may have played a role in the absence of a notable
difference in outcome between the groups. However, it is
among the largest series reported, and it is unlikely that a
larger prospective study will be forthcoming. There may be
several factors that play a role in the good outcomes ob-
tained in emergent cases. As a major tertiary care center in
a metropolitan area, patients are often quickly referred at
any sign of limb ischemia; thus prompt evaluation and
operation may be performed. In fact, the only early limb
loss in the series occurred in a patient who had a significant
delay in definitive treatment due to failure to seek medicalevaluation until 4 days after the onset of symptoms of acute
ischemia. By reserving the use of thrombolysis for limbs
with no suitable target vessel, most patients can proceed
without delay to bypass even if only a single distal outflow
vessel exists. Our liberal use of infrapopliteal target vessels
in this series (56.9%) is notable in contrast to the 5% to 30%
reported in most other documented series.4,6,12,13,16 Fi-
nally, these results were achieved with the preferential use
of autogenous over prosthetic graft conduit, even if the use
of arm vein was required. Although mixed reports exist
regarding graft patency and limb salvage rates with the use
of vein versus prosthetic conduit in popliteal artery aneu-
rysm repair, the preferred use of vein is further supported by
the decreased primary patency rates noted with the use of
prosthetic graft in this series.17-19 However, with revision
of failed prosthetic grafts, the secondary patency and limb
salvage rates achieved can be similar to those in the vein
conduit group.
In summary, comparable outcomes may be achieved
for popliteal artery aneurysm repair in the emergent and
elective settings with the use of vein conduit for bypass to
any available outflow target, regardless how distal, and
reservation of thrombolytic therapy for limbs with no suit-
able bypass target vessel. Although similar results in the two
groups bring into question the appropriate threshold for
routine elective popliteal aneurysm repair, it does not go
unnoticed that the single early amputation in the series
occurred in a limb presenting emergently. Also, the pre-
sumable increased cost associated with thrombolytic ther-
apy and extended hospital stays for patients presenting with
acute ischemia may play a role in decision-making regard-
ing the intervention on asymptomatic popliteal artery an-
eurysms.
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